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Abstract
It has been shown that the new Self Creation Cosmology theory predicts
a universe with a total density parameter of one third yet spatially flat,
which would appear to accelerate in its expansion. Although requiring a
moderate amount of ’cold dark matter’ the theory does not have to invoke
the hypotheses of inflation, ’dark energy’, ’quintessence’ or a cosmological
constant (dynamical or otherwise) to explain observed cosmological features.
The theory also offers an explanation for the observed anomalous Pioneer
spacecraft acceleration, an observed spin-up of the Earth and an problematic
variation of G observed from analysis of the evolution of planetary longitudes.
It predicts identical results as General Relativity in standard experimental
tests but three definitive experiments do exist to falsify the theory. In order to
match the predictions of General Relativity, and observations in the standard
tests, the new theory requires the Brans Dicke omega parameter that couples
the scalar field to matter to be -3/2 . Here it is shown how this value for
the coupling parameter is determined by the theory’s basic assumptions and
therefore it is an inherent property of the principles upon which the theory
is based.
1 Introduction
1.1 Notations and conventions
This paper adopts the ”Landau-Lifshitz Spacelike Convention”. A comma
denotes ordinary differentiation, a semi-colon denotes covariant differentia-
tion, and φ is the d’Alembertian invariant, φσ; ;σ . ∇ is the normal gradient.
The number of dimensions of the manifold M is four throughout, the summa-
tion convention is followed, Greek indices indicate four-space-time and Latin
indices indicate three-space. The metric signature is (−,+,+,+), the Ricci
1
tensor is given in terms of the Christoffel symbols Γµνε by
+Rµν = +Γ
ρ
µν,ρ − Γρρν,µ + ΓσµνΓρσρ − ΓσρνΓρσµ
GN is the Newtonian gravitational constant as measured in ”Cavendish” type
experiments and the speed of light is unity unless otherwise specified as c. A
tilde signifies the Einstein frame.
1.2 An historical introduction to Self Creation Cos-
mology
In a recent paper this author, [Barber,(2002a)], developed a new Self Cre-
ation Cosmology (SCC), which superceeded and subsumed two earlier ver-
sions [Barber, (1982)]. All versions of SCC were modifications of the Brans
Dicke theory (BD), [Brans & Dicke, (1961)] in which the equivalence principle
was relaxed to allow for the continuous creation of mass out of self contained
matter, gravitational and scalar fields. The new theory is a ’semi-metric’
theory in that photons follow trajectories that are geodesics of the theory
but particles do not, in vacuo they follow orbits that are identical to Gen-
eral Relativity geodesics. The new theory was shown to predict a universe
with a total density parameter of one third yet spatially flat, although it did
require a moderate amount of ’cold dark matter’. It did not have to invoke
the hypotheses of inflation, ’dark energy’, ’quintessence’ or a cosmological
constant (dynamical or otherwise) to explain observed cosmological features.
The new theory also predicted identical results as General Relativity (GR)
in standard experimental tests. In a subsequent paper, [Barber, (2002b)], it
was shown how the theory also offered an explanation for ’cosmic accelera-
tion’, the anomalous Pioneer spacecraft acceleration, an observed spin-up of
the Earth and an apparent variation of G observed from analysis of the evo-
lution of planetary longitudes. Finally, it was shown, [Barber, (2003)], that
measurement of geodetic precession, about to be performed on the Gravity
Probe B satellite is a definitive experiment, which could falsify the theory as
SCC predicts a value 5
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of that expected by GR.
For SCC to agree with observation, and hence GR, in the standard tests





This paper will show why is value of ω has not been arbitrarily chosen but
it is a definitive value required for consistency by the basic principles of the
theory.
1.3 A summary of the theory
Mach’s Principle (MP) is incorporated in SCC by assuming the inertial
masses of fundamental particles are dependent upon their interaction with a
scalar field φ coupled to the large scale distribution of matter in motion in a
similar fashion as BD. This coupling is described by a field equation of the
simplest general covariant form
φ = 4piλT σM σ , (2)
T σM σ is the trace of the energy momentum tensor describing all non-gravitational
and non-scalar field energy. The BD coupling parameter λ was found to be







where GN is the normal gravitational constant measured in Cavendish type
experiments and ψ is a constant. ψ was found to be unity in the subsequent
development of the theory as described below.
In BD the Equivalence Principle was retained so that particle rest masses
were invariant andG would be observed to vary with position. By contrast, in
SCC in which the Equivalence Principle is violated, it is GN that is measured
to be invariant and it is particle rest masses that vary.
In all the SCC theories the Equivalence Principle is relaxed, specifically




M ν;µ = fν (φ)φ = 4pifν (φ)T
σ
M σ . (4)
Therefore in vacuo,
T µem ν;µ = 4pifν (φ)T
σ
em σ = 4pifν (φ) (3pem − ρem) = 0 (5)
where pem and ρem are the pressure and density of an electromagnetic radi-




. Thus the scalar field is a source for the matter-energy field if and only if
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the matter-energy field is a source for the scalar field. Although the equiva-
lence principle is violated for particles, it is not for photons, which still travel
through empty space on (null) geodesic paths.
Particles do not have invariant rest mass and its variation is determined
by a second principle, the Local Conservation of Energy. This requires the
energy used in lifting a particle against a gravitational field to be absorbed
into its rest mass; so that rest masses include gravitational potential energy.
A particle’s rest mass is described by
mp(x
µ) = m0 exp[ΦN (x
µ)] , (6)
where ΦN (x
µ) is the dimensionless Newtonian potential and mp (r)→ m0 as
r →∞ .
In SCC gravitational orbits and cosmological evolution are described in
the Jordan frame. A conformal equivalence exits between the JF and canon-
ical GR, which is the theory’s Einstein frame. This results in the geodesic
orbits of SCC being identical with GR in vacuo. The Jordan (energy) frame
[JF(E)] conserves mass-energy, and the Einstein frame (EF) conserves energy
momentum. The two conformal frames are related by a coordinate transfor-
mation
gµν → g˜µν = Ω2gµν . (7)
The JF of SCC requires mass creation, ( T µM ν;µ 6= 0 ), therefore the scalar
field is non-minimally connected to matter. The JF Lagrangian density is,










+ LSCCmatter [g, φ] , (8)
and its conformal dual, [Dicke (1962)], by a general transformation g˜µν =
Ω2gµν , is





φ˜R˜ + 6φ˜˜ ln Ω
]



















A mass is conformally transformed according to
m (xµ) = Ωm˜0 , (10)
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Equation 6 requires
Ω = exp [ΦN (x
µ)] , (11)
where m (xµ) is the mass of a fundamental particle in the JF and m˜0 its mass
in the EF.
If we define the EF by G = GN a constant, i.e. φ˜;σ = 0 , and as in vacuo
l˜n Ω = Φ˜N (x
µ) = ∇2ΦN (xµ) = 0 , (12)
setting ω = −3
2
reduces the EF conformal dual, the EF Lagrangian density
to







+ L˜SCCmatter [g˜, φ˜] , (13)
which is canonical GR.
The question is, ”Why should ω = − 3
2
?” It is the purpose of the present
paper to answer this question.
2 Incorporating the Principle of Mutual In-
teraction in BD
2.1 Constructing the SCC Field Equations
The first basis of the new Self Creation Cosmology is to fully incorporate
Mach’s Principle in GR by following BD but then introducing the PMI,
Equation 4, to quantify the violation of the Equivalence Principle and to
allow for mass creation.
A scalar field φ is defined by Equations 2 and 3. An energy momentum
tensor for the scalar field Tφ µν is added to the gravitational field equation in






(TM µν + Tφ µν) . (14)













− T µφ ν (15)
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and the method described by Weinberg, [Weinberg, (1972), pages 158-160,
equations 7.3.4-7.3.12] is followed. The most general form of T µφ ν using two
derivatives of one or two φ fields and φ itself is
T
µ




σ +C(φ)φ;µ ;ν +D(φ)δ
µ
νφ (16)
and covariantly differentiating produces
T
µ
φ ν;µ = [A
′(φ) +B′(φ)]φ;µ φ;ν φ;µ + [A(φ) +D
′(φ)]φ;ν φ (17)
+ [A(φ) + 2B(φ) + C ′(φ)]φ;µ ;ν φ;µ
+D(φ) (φ) ;ν +C(φ)(φ;ν ) ,
where a prime (′) means differentiation w.r.t φ. Now make use of the
Bianchi identities and the identity (observing the sign convention)
φ;σ R
σ
ν = (φ;ν )− (φ) ;ν (18)
in order to examine the violation of the equivalence principle. Covariantly












− T µφ ν;µ . (19)










T σφ σ = [A(φ) + 4B(φ)]φ;
σ φ;σ + [C(φ) + 4D(φ)]φ , (21)
and from Equation 2








[A(φ) + 4B(φ)]φ;σ φ;σ +
[
C(φ) + 4D(φ) +
1
4piλ
]
φ
}
. (23)
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